The crystal structure of the prenylated Rab7GG:REP-1 brane, the loss of affinity is likely to pose an insurmountable obstacle. complex was solved to 2.2 Å resolution by molecular replacement method with REP-1 as a search model (see Additional mutations of the conserved Switch II region residues corresponding to positions Rab L73, Rab Y78, and Experimental Procedures). Rab7 C-terminally truncated by 22 amino acid was complexed with REP-1, crystalRab A81 were shown to perturb the interaction of Rab1B with REP-1 (Overmeyer et al., 1998). Interestingly, none lized and the structure was determined to 2.5 Å resolution by molecular replacement using the prenylated of these mutations is actually involved in formation of the binding interface with REP-1. Instead, they point Rab7:REP-1 complex as a search model. Rab7:GDP and Rab7:GppNHp proteins were crystallized as described toward the core of the Rab7 molecule and stabilize the structure of Switch II. It appears that collapse of the in the Experimental Procedures section and their structures were solved using the model of Rab7 from the hydrophobic scaffold of Switch II is more detrimental for integrity the Rab:REP interface than the loss of the Rab7:REP-1 complex to 1.9 and 1.7 Å resolution, respectively. Data collection and refinement statistics for individual contacts.
Comparison of the Rab7:REP-1 interface with the inall four structures are summarized in Table 1. terface of the recently solved Ypt1:GDI complex reveals a remarkable structural similarity of both complexes Structure of the Rab7:REP-1 Interface (Figures 2 and 3D) .
bonding of the main chain of residues rab I190 and rab L192 with the main chain atoms of rep A252 and rep F254 located Residue D44 was identified earlier by its importance for Rab interaction with GDI, since Rab1B bearing the D44N in the loop between helix C and ␤-sheet e2 ( Figure 1F ). Although the C terminus of Rab proteins is hypervarimutation loses its ability to interact with GDI while retaining the ability to form a stable complex with REP-1 able, analysis of the last 20 amino acid reveals the presence of a cryptic and often inverted motif similar to the (Overmeyer et al., 1998). The differential effect of the D44N mutation of Rab1B on its interaction with REP and IKL sequence of Rab7, typically containing a polar amino acid flanked by hydrophobic residues ( Figure 2D ). To RabGDI probably reflects the fundamental functional segregation of REP and GDI in vivo. Thus, as long as test the importance of these residues for Rab prenylation directly, we generated mutants of Rab7 bearing rab I190H REP retains enough affinity to Rab in order to present it to RabGGTase and then deliver the protein to the or rab L192S substitutions. Using an in vitro prenylation assay, we demonstrated that while rab I190H was only membrane, its function should not be affected. In the case of the GDI molecule, whose primary biological slightly underprenylated compared to wild-type Rab7, the prenylation of rab L192S was reduced by ca. 90% function is extraction of Rab molecules out of the mem- The lack of electron density for the peptide and weak of the structure of the Rab7:GppNHp complex with density for the isoprenoid part of the tail indicates that Rab7:GDP in complex with REP-1 reveals that the the nature of the Rab C terminus association with its Switch regions of the former adopt conformations quite chaperone REP might be different in detail from RabGDI distinct from those of the REP-complexed GDP bound and much less static than might be imagined. The differform ( Figure 3B ). In particular, the Switch II region is ence between the structure presented in the this work located in a plane nearly perpendicular to the same and that of the Ypt1:GDI complex, in which the lipid region of the GDP bound form (in complex with REP-1), moiety is clearly visible even after solvent flattening, is and this position would lead to a number of steric probably related to the differences in the detailed roles clashes with the Rab binding platform ( Figure 3B ). This of REP and GDI. REP needs to have a high affinity to provides a convincing mechanistic explanation for the unprenylated Rabs in order to promote their prenylation. preference of RabGDI/REP family members for Rab proThe purpose of the interaction of the prenylated C termiteins in the GDP bound conformation. nus with REP is to achieve solubilization of Rabs, but not necessarily to provide affinity, which is already high Conformational Changes in the REP-1 Molecule due to the strong interaction with the GTPase domain. and the Location of the Isoprenoid Binding Site GDI has a low affinity to unprenylated Rabs, which inComparison of the REP-1 structure complexed with creases dramatically on prenylation. Thus, it is quite RabGGTase and with prenylated or truncated Rab7 reconceivable that fixation of the prenylated Rab C termiveals structural rearrangements in domain I of REP-1. nus to REP is relatively loose. This would also be comIt involves the structural changes described above in mensurate with its role of releasing Rabs to their target the C terminus as well as in the first four residues of membrane, which would occur more easily than would the N terminus that moves toward the Rab7 molecule be possible if the interaction were stronger. (data not shown). Therefore, the underprenylation of affinity of Rab27 for both isoforms of REP makes it more sensitive to a reduction in overall REP activity. Thus, if Rab27A in choroideremia cannot be explained by inabilthe total activity REP becomes limiting, the low affinity ity of REP-2 to support prenylation of Rab27A. It was of Rab27 will not allow it to compete favorably with other suggested earlier that Rab27A might have a lower affinRabs for prenylation. To test this hypothesis directly, ity for REP-2 compared to REP-1 (Cremers et al., 1994) .
we performed Rab27A prenylation experiments as deIn order to address this issue directly, we used an estabscribed above in the presence of various concentrations lished fluorescence titration assay (Alexandrov et al., of either wild-type Rab27A or Rab7 as a competitor. As 2001) to determine the affinity of several Rab proteins, can be seen in Figure 5E , while a 3-fold excess of including Rab1A, Rab7, and Rab27A, for REP-1 and -2.
Rab27A only partially reduced the rate and absolute We found that the affinities of Rab GTPases for REP amount of prenylated Rab27A-CK(NBD)C, the presence molecules vary by more then two orders of magnitude of equimolar amounts of Rab7 completely inhibited and that REP-1 bound stronger than REP-2 to all Rab the reaction. proteins tested (Table 2) . However, there does not apThe structural basis for the affinity difference of REP pear to be a specific effect on Rab27A. We also experiprotein interaction with different Rab proteins is difficult mentally established that the affinities of Rab7 and to gauge based on the available data. With the exception Rab27A in complex with REP-1 and -2 for RabGGTase of Q67, Q71, S72, S111, L192, and I190, all residues on were close to 100 nM and did not vary significantly the Rab:REP interface are invariant in all three Rabs (Supplemental Figure S5 available on Cell website).
tested (Supplemental Figure S4 available on Cell webTherefore, it is more probable that the generally lower site). The variant residues are involved primarily in hydrogen bond formation via their main chain atoms or involved in hydrophobic interactions via their conserved 
